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Abstract

The principal challengesrisingfrom beam-induce@negy depositionin superconducting
(SC)magnetsat high-enegy high-luminosityhadronandleptoncollidersaredescribed Radia-
tion constraintareanalyzedhatincludequenchstability, dynamicheatloadson the cryogenic
system,radiationdamageimiting the componentifetime, and residualdoseratesrelatedto
hands-omaintenanceTheseissuesareespeciallychallengingfor theinteractionregions(IR),
particularly for the consideredupgradelayouts of the Large HadronCollider. Up to a few
kW of beampower candissipatein a single SC magnet,anda local peakpower densitycan
substantiallyexceedthe quenchlevels. Justformally, the magnetlifetime is limited to a few
monthsundertheseconditions.Possiblesolutionsandthe waysto mitigatetheseproblemsare
describedn this paperalongwith R&D needed.
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1 Intr oduction

The Large Hadron Collider (LHC) under constructionat CERN will produce pp collisions at
V/$14TeV andluminosity £L=10°* cm s 1. Theinteractionrateof 8x 10° s~ representa power
of almost900W perbeamat eachinteractionPoint(IP), the majority of which is directedtowards
thelow-f3 insertionsin the form of the collision byproductswith aboutonethird of the power car
ried out by neutralsin the very forward direction[1]. At future supercollidersinderconsideration
—variousLHC upgradescenariodirst of all [2, 3] —thelP poweris upto afactorof tenhigher The
guadrupoleor dipolefields sweepthe secondaryarticlesinto the coils alongthe verticalandhori-
zontalplanesgiving riseto alocal peakpower densityeax thatcansubstantiallyexceedthequench
limits. Correspondinglynamicheatload canexceedthe cryogenicsapacity Build-up of radiation
defectscandrasticallyreducecomponentifetime. Hands-onmaintenancés ratherdifficult if all
component# theentireregion arehighly radioactve. ThecorrespondingR layout,magnetesign
andmaterialsandanappropriatesetof collimatorsandabsorbersnustprovide adequatenitigation
of theseproblems.

Contraryto the IR magnetsthe majority of the mainring SC magnetsarein rather“comfort-
able” conditionswith an adequatehighly-eficient, collimation system. The concernsherearea
cryoplantcapabilityandaccidentabeamlossof GJoulebeamswith a possibledestructionof ma-
chinecomponents.

In both casesa lack of dataon radiationlimits for materialsusedin the SC magnets- espe-
cially in high-enegy domain— malkes the radiationdamageand componentifetime situationat
supercollidersatheruncertain.

2 Radiation Sourcesat Supercolliders

Therearethreeradiationsourcesn a collider with doseD in the SCcoils proportionalto the lumi-
nosity L or beamlosspower Q x Al

1. ppcollisions:D ~ o, x L, whereay, is acorrespondingion-elastiacrosssection.

2. Operationabeamloss:tails from collimatorsandbeam-gascatteringD ~ Q x Al, whereQ
is total beamenegy, andAl is beamlossrate.

3. Accidentalbeamloss: abortkicker prefire/ unsynchronizetbeamabort,D ~ Q x Al.

Tablel comparestelevantto this report,parametersf the hadroncolliders: existing Tevatron,
LHC underconstructionat CERN, “modest” and “ultimate” LHC upgrades]. HC-2 and SLHC,
respectrely [4], andtwo stagesof a Very Large HadronCollider, VLHC-1 andVLHC-2 [5]. The
LHC rule wasusedto calculatea numberof non-elastidnteractionsNyg at eachlP over 10 years
of operation: Lioy = (0.1+1/3+2/3+7)x L at 180days/yr 10 yrs = 5x10’ s — 500fb~1. The
interactionrate8x 10° int/s at 6,=80 mb and L=10** cm~2s~1 give Njo = 4x 10 int/10yr.

A power of upto 1 to 10 kW perbeamis directedtowardsthe low-[3 insertionson eitherside
of eachlIP causingsevere short- and long-termradiation problemsdescribedabose. Only with
appropriatdR layoutandmagnetesign3], useof radiation-resistanmnaterialsandhighly efficient
protectionsystem[1], onecanprovide reliableoperationof thesemachines.

As for accidentabeamloss,it wasshavn in Refs.[6, 7] thatatanunsynchronizedheamabort
in the LHC, up to 10% of total beampower Q canendup in the IR — which canliterally explode
oneor two quadrupolesindexpensve detectorcomponents- if notinterceptedn the beamabort
sectionby a highly sophisticategbrotectionsystem.This caseis out of scopeof this paper



Tablel: Particleenegy E, beamintensityl (ppp),their productQ, collision enegy /S, luminosity
L, anda of non-elastidnteractionsat IPsover 10 yearsof operationN;¢ athadroncolliders.

Machine | E (TeV) | 1,10 | Q(GJ) | VS | £,10% | Ny, 1016
Tevatron | 0.98 0.1 | 0.0016] 1.96| 0.01

LHC 7 3.1 0.35 | 14 1 4
LHC-2 7 4.8 054 | 14 25 10
SLHC 7 9.6 1.08 | 14 10 40
VLHC-1 20 9.7 3.20 | 40 1 4.5
VLHC-2 | 100 2.0 3.20 | 200 2 10.5

3 Protection Systemin IR

At the LHC, afterthoroughoptimizationof the IR layout, an IR protectionsystemwasdesigned
to protect SC magnetsagainstdebris generatedn the pp collisions and in the nearbeamele-
ments[1]. The optimizationstudywasbasedon detailedenegy depositioncalculationswith the
MARS code[8]. Thesystemincludesa setof absorbersn front of theinnertriplet, insidethetriplet
apertureand betweenthe low- quadrupolesinside the cryostats,in front of the D2 separation
dipole andbetweerthe outertriplet quadrupolesTheir parametersvere optimizedover the years
via the MARS runsto provide betterprotectionandto meetpracticalrequirementstthe sametime.

Fig. 1 shaws the inner triplet configuration. The two curves shav the approximate'nl = 77
(numberof beama’s) beamenvelopefor injection andcollision optics,including closedorbit and
mechanicatoleranceg1].
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Figurel: TheLHC low-f insertionsgncludingabsorbersschematiview with the beamervelopes.



Thefollowing designconstraintsareputontheIR protectionsysten1]:
1. Useultimatedesignluminosity: 10** cm2s~1 at LHC through10°®® cm2s~1 at SLHC.

2. Geometricahperturekeepit largerthan“nl = 7” for injectionandcollision optics,including
closedorbit andmechanicatolerances.

3. Quenchstability: keeppeakpower densityeax, Which canbe asmuchasan orderof mag-
nitude larger thanthe azimuthalaverage belov the quenchlimit with a safetymargin of a
factorof 3.

4. Radiationdamagewith the above levels, the estimatedifetime exceeds7 yearsevenin the
hottestspots.

5. QuencHhimit: testsof porouscableinsulationsystemsandrecentcalculationsconcerninghe
insulationsystento beusedin the Fermilab-ilt LHC IR quadrupolegMQXB) have shavn
thatup to about1.6 mW/g canbe removed while keepingthe coil belav the magnetquench
temperature.

6. Dynamicheatload: keepit belov 10 W/m.

7. Hands-onmaintenance:keepresidualdoserateson the componentouter surfacesbelow
0.1mSv/ht

8. Engineeringconstraintsmustalwaysbe obeyed.

As aresultof optimizationof theprotectionsystemjt becamepossibleto meettheseconstraints
for the LHC IR at the designluminosity of 1034 cm—2s™1, with £yax < 0.45mW/g. Note thatthe
power densityin the SCcoils alwayspeaksn thehorizontalor verticalplanesat thecoil innermost
radius.

4 LHC Upgradesand Beyond

After the LHC operatedor several yearsat a nominalluminosity £ = 103 cm=2 s71, it will be
necessaryo upgradeit for higherluminosity In a traditional quadrupole-firsdesign,&max and
otherenepgy depositionvaluesgrow proportionallyto the luminosity andin generalincreasewith
the quadrupoldengthandgradientanddecreasevith aperture.lt wasshown [3] thatthis optionis
viableatmodest. upgradesipto about2.5x10%* cm 2 s 1.

At higherluminosities,the mostattractve optionis a double-borannertriplet with separation
dipolesplacedin front of the quadrupoleg2]. Comparedwith the baselinedesignconsistingof
single-boreguadrupolesharediy bothbeamsthislayoutsubstantiallyeducegshe numberof long-
rangebeam-beancollisions,allows thebeamdo passon-axisthroughthe quadrupolesandpermits
local correctionof triplet field errorsfor eachbeam.Increasinghe LHC luminosity by anorderof
magnitudecreatesa hostileradiationervironmentresultingfrom colliding beaminteractions.

The problemis particularly severefor the dipole-firstlayout, sincemostof the chagedsecon-
darieswill be sweptinto the dipole by its large magneticfield. DetailedMARS enegy deposition
calculationshave beenperformedo determinehefeasibility of this approacH9]. Fig. 2 shavsthe
layout considered.The D1 dipole startsat 23 m, allowing spaceasin the currentIR, for a 1.8-m
long TAS absorberandthereare5 m betweerthe D1 andD2 to allow for a TAN neutralparticle
absorberTheorbitsshavn arefor ahorizontalcrossingangleof +0.212mrad.
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Figure2: Dipole-firstinteractionregion layout.

Thestudiesaredonefor the SLHC D1 of two types:atraditionalcos-thetalesignwith a4-layer
gradedcoil of innerradius65 mm anda coldiron yoke, andanopenmid-planeblock type coils. At
L =10% cm? s71, thetotal power dissipatedn the dipole is about3.5kW in eitherdesign. &max
in the cos-thetacoils reache$0 mW/g, almosttwo ordersof magnitudenhigherthanin thebaseline
LHC optics. It canbe reducedto about13 mW/g with somespacersn the mid-plane,beingstill
unacceptablhigh. Thefactthattheradiationpeaksin the mid-plane hasspurredthe designof an
openmid-planedipole magnef9]. Tungsterrodsatliquid nitrogentemperaturare placedin the
mid-planeto absorbmuchof theradiation. Fig. 3 shavs power densityprofilesin sucha dipole at
thelongitudinalmaximumatits non-IPend. Peakpower densityenax in the coils of the block-type
dipole with no materialon the mid-planecanbe reducedwell belon the quenchlimit. More than
a half of thetotal heatload canbe absorbedn the rodsat high temperaturesEfficient removal of
remainingpower from the cryogenicsystemis a major challengefor implementingthis IR design
aspart of an LHC upgrade. It mustbe emphasizedhat sucha designhasnever beentried, and
substantiaR&D mustbedonebeforethefeasibility of a magnetof this type canbedemonstrated.

Table2 shavs the peakdoseandneutronfluencein the supercollidedR SCcoils at the hottest
spots:Q2B quadrupolet Brax in @ quadrupole-firstraditionallayout(LHC, LHC-2, VLHC-1 and
VLHC-2), andD1 in thedipole-firstconfiguration(SLHC). It is usefulto notethatD (MGyl/yr) =
50¢ (mWI/g). Thistableis theinput for the materiallifetime analysisin the next section.

Dynamicheatloadsin the LHC high-luminositylRs on eithersideof IP at £ = 103 cm 2 s 1
areratherhigh [1]. At cryo temperaturesheseare about30 W in eachof the four quadrupoles
totaling114W, 19 W in correctormagnetsandfeedbox,2 W in the D2 separatiordipole,and0.5
to 2 W in the outertriplet quadrupoles At room temperaturethe main playersare 184 W in the
front absorbelTAS, 6 W in intermediateabsorbers50 W in the D1 separatiordipole,and189in
theneutralbeamabsorbeiTAN. Thesenumbersscaleup with theluminosity
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Figure3: Paver densityisocontoursn the openmid-planedipole.

Table2: PeakdoseD andneutronfluenceF. g1 mev in innertriplet SCcoils accumulateaver first
10“LHC” years(=5x 10’ sec).

Machine| Component | D (MGy) | F-0.1 mev, 10 cm—2
LHC QuadQ2B 225 1.04

LHC-2 QuadQ2B 45.0 2.08

SLHC Co¥9 D1 650 30

SLHC Block coil D1 55.0 2.54
VLHC-1 | QuadQ2B ~30 ~15
VLHC-2 | QuadQ2B ~84 ~4

Residualdoseratesare quite significantin the nearbeamregion [1]. At £ =10 cm 2 s 1,
after 30-dayirradiationand 1-day cooling they areup to severalhundredmSv/hrat the TAS front
absorberand Q1 thick beamtube, up to severaltensmSv/hrat the inner partsof the quadrupoles,
andbelav 0.1-0.3mSv/hron contactat the outervacuumvesselat r~45 cm. Thesenumbersalso
scaleup with the luminosity



5 Material Lifetime

Magnetsarecomposeaf superconductqiNbsSn),copperinsulationandstructuraimaterialgstain-
lesssteelor equivalent). All of thesematerialshave differentradiationsensitvities andresponses
to radiationdamage Additionally, the sensitvities andresponsearetemperaturelependent.

5.1 Material limits

The limits for Nb3Sn dependon the particularapplication. All threecritical componentf the
superconductinghasespacgTe, I andB,) arereducedby differentamountfor a givenradiation
dose.Somegeneralimits [10] are:

e T. goesto 5K for 5x 10 n/cn¥.
e |c goesto 0.91 at1x 10 n/cn? (at 14 T).
e B goesto 14 T at3x 10 n/cn?.

Fromthis we seethat B, is the mostsensitve parameteandwould be the determiningfactor
at a dosewherethe critical currentis largely unaltered.Fortunately at supercolliderghe neutron
fluenceis low enoughthatthisisn’t of too muchconcern;althoughthe higherenegy neutronsin
theacceleratoaremoredamaginghanthereactorspectrunusedto derive the abore limits, sothe
problemcannotbeignored.

Of moreconcernis the copperstabilizerincreasingn resistancevith dose.Sincetheprotection
dependon the copperasa low resistancearallel pathandthe stability on the excellentthermal
conductvity, reductionsn thesepropertieputthe magnetsatrisk. Mostof theincreasedesistance
canbeannealeautby warmingto roomtemperaturehut this putsthemachinedown for thethermal
cycle. Note, however, thatNbsSnannealingequireswarmingto 900K, sowould not be usefulfor
completemagnets.

It also posesan additionalrisk: Radiationresistantepoxies,suchas cyanateesters,produce
gasashydrogenis formedby the radiation(neutronsor photons).This gasis immobileat 4 K but
expandsif the magnetis warmedup. Crackingof the epoxyis an obviousrisk, aswell aslossof
integrity, every time the magnetis thermally cycled. Even if epoxiesare not usedand radiation
tolerantceramicsareusedinsteadthereis still apotentialproblem.CeramicssuchasBeO, exhibit
alinearexpansionwith radiationdose.Alumina, however, shrinkswith radiation.Thiswill change
the preloadon the coil overtime andthermalcycle.

Otherstructuralmaterials suchasstainlesssteel,becomebrittle with very high enegy deposi-
tion. Generallythisis of lessconcernbecaus®f very high dosesequiredfor damagehresholds.

Generalradiationdoselimits aregivenin Table3. The limits are derived from the material
propertieghatarethe mostsensitve.

Table3: Generakadiationdoselimits.

Material Usefullimit (MGy)
Copper > 10
Iron, Stainlesssteel > 10
Ceramic > 10°
Organics ~ 107




5.2 R&D Needed

1. Detailedcalculationsof thelocal radiationfields at sensitve pointsthatcorrespondo places
of high magnetidield andhigh shearstress Radiationdamagéds akin to high magnetidield
in thatthe placewith the highestdamageadetermineshelifetime, justasthe highestmagnetic
field determinegperformance.

2. Dataat neutronenepiesgreaterthan14 MeV. Reactordatais the mostalundantandeasiest
to obtainand someway of relatingthatto the higherenegy neutronsthat predominatehe
spectraat acceleratorss required.

3. DamagestudiesonthenaewvestNbzSnmaterials Mostof thedataare15-20yearsold andthere
have beensignificantadwancesn thelastfew years.Theresponsesf the never materialsto
radiationareunknavn.

6 Thermal Analysis

Thermalanalyse®f the proposediesigngor LHC-2 IR quadrupold11, 12,13] andSLHC dipole-
first magnet[9, 14] have beenperformedto getan ideaof the peaktemperaturesn the coil due
to radiationheatloadsandmagnetoperationmamgins. The following two sub-sectionsummarize
theseresults.

6.1 LHC-2 IR quadrupole

The proposed_.HC-2 IR quadrupolemagnetis basedon a two-layercos-B designwith NbzSn
conductorand 90-mmborediameter The total numberof turnsis 144 with coil areaof 48.1cn?.
MARS-calculatedpower densitywere appliedon the coil geometryas a function of radiusand
angle[1, 12, 15]. As mentionedn previous sectionsthe power densitypeaksat theinnerlayer of
the mid-planeturns. It decreasewith increasen radiusandangle. Fig. 4 shavs the comparatie
powerdensityin themid-planeturnsfor thecurrentLHC IR quadsandproposed.HC-2 quadrupole.
At £ =10°® cm ? s 1, theexpectedradiationloadsareanorderof magnituddargerfor quadrupoles
comparedo thatof thebaselinedLHC design.

Basedon theseheatloads, peaktemperaturavasfirst computedirom ANSYS analysis. The
peaktemperaturavasthencornvertedinto the operatingmargin basedon the superconductatrans-
port properties.Basedon this analysis,it wasnoted[12, 13] that Nb3Sn magnetdesignedwith a
20%quenchmagin cantake up to 40 mW/cn? of peakpower densityin the coil mid-planeturnsat
the operationtemperaturef 1.9K.

6.2 SLHC dipole-first

Oneof thetwo SLHC separatioripole-firstmagnetsonsideredn Ref.[9] is basedn afour-layer
cos-thetalesignwith a borediameterof 130mm. It is placedin front of the IR triplet region. Total
numberof turnsis 282 with coil areaof 119.1cn?. The magneticfield at quenchin the boreis
15.8T for J. (12T, 4.2K) = 3000A/mm?. Heatdepositiondistribution in the coil wascalculated
with the MARS codeandappliedon the coil elements.A copperspacemwould be insertedin the
mid-planeto reducethe heatload to superconductorAs mentionedn previous sectionsthe peak
power densityin the copperspacelis 49 mW/g andthatin thecoil is 13mW/g.

A thermalanalysedor this designwereperformedn Ref.[14] with differentboundarycondi-
tions. Table4 summarizesheseresults. Thethermalcalculationsverebasedon coolingconditions
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Figure4: Radialdistribution of power densityin the mid-planeturnsfor the LHC andLHC-2 IR
guadrupolesitlongitudinalmaxima.

thatsetthe coil perimeterat 1.9K. Coolinginnercoil surfacewith perforatednsulationin addition
to external,interlayer and mid-planecooling seemgo be the way to managethe temperaturegise
dueto radiationheatloads.

Table4: Peaktemperatur@,y in cos-theté5C coils of SLHC dipole-first.

Coolingconditions Trex K
Coil (external)surface 1.9K 27.7
Coil (external+ mid-plane)surfaces 1.9K 24.8
Coil (external+ interlayer) surfaces 1.9K 11.3
Coil (external+ interlayer+ mid-plane)surfaces1.9K | 11.3
Porousinnerbore+ All theabore 7.0

7 CryogenicConsiderationsfor Dipole-First

Currentdesignsfor the upgradeddipole magnetsin the interactionregions indicatea very high
heatload from the radiationervironment. As discussedn previous sections this high radiation
environmentwill impactthe lifetime of materialscontainedin the magnetspotentially requiring
innovative designconceptsand nev materials. In addition, this heatdepositioncanleadto large
thermalgradientswithin the magnetstructureaffecting magnetperformance.Ultimately, all the



radiationflux depositecheatin the magnetghatmustbe remaoved by the cryoplants.In the caseof
upgradego LHC, thisissueis of concerngiventhe magnitudeof the heatdepositioncomparedo
currentLHC operatingparametersClearlyanupgradeo the cryoplantswill berequiredfor ary of
theplannedupgrades.

TheSLHC luminosityupgradedipole-firstdesignpredictsa3.5kW heatloadperl0Om IR region
dipole. Sincethe acceleratohasfour suchregions,the total low-temperaturdneatload associated
with theselR magnetsis 14 kW at low temperature.This heatload aloneis comparableo the
total currentLHC acceleratomagnetcoolingload. Theinstalledcryogenicsystemfor the LHC is
dividedinto eightsectorseachsupportedy anominall8kW at4.5K refrigerator Thesemachines
supply30 kW betweerb0 and75 K for shieldcooling,5 to 6 kW betweert.5and20 K for beam
screencoolingand2.4 kW at 1.9 K for magnetcooling[16, 17]. Thus,for the entireacceleratqr
thereis approximately30kW of refrigerationfor thebeamscreensaind19.2kW at1.9K for magnet
cooling.

In steadyoperationwith the presenlLHC magnetandcryostatdesignthe 1.9K heatloadfrom
the acceleratomagnetshasan averagevalue of lessthan 0.4 W/m correspondingo 10.8 kW or
roughlyhalf thetotal 1.9K capacityof thecryogenicsystem.n eachinteractionregion, thecurrent
heatloadis 110W for four quadrupolenagnetsafactorof 30lessthancalculatedor thedipole-first
design.Theadditionall.9K capacityis usedfor off-normaloperation.

Any upgradeof the LHC operationwill resultin anincreasdn the heatloadto the cryogenic
plant. A luminosityupgraderom 10%4 to 10°®> cm2 s~1, will resultin increasen beamscreerheat
loadfrom 1.7W/mto 15W/m for atotal heatloadbetweem.5and20K of over400kW [18]. It also
possiblethatthehhigherluminositywill increasdhesteadyheatloadontheacceleratomagnetsbut
this impactis not knowvn at the presentiime. Clearly the currentcryogenicplantis insuficient to
meetthis requirement.

Use of a high radiationabsorbingdipole in the interactionregion of the upgraded_.HC wiill
alsosererely impactthe cryogenicsystem. Accordingto the design,eachdipole-firstwill absorb
3.5kW of radiationheatduring normaloperation resultingin atotal impacton the acceleratoof
14 kW overtheseocalizedregions. In additionto theimpacton thetotal heatloadto the cryoplant,
carefulconsideratioio themagnetindcryostatdesignwill beneededo ensurestability andreliable
operation. For example,it may be necessaryo consideralternatecooling technologiego 1.9 K,
pressurizedHe-1l bath cooling for the dipole-first. This point is further emphasizedsindicated
in the previous section,by the calculationsthat indicatethe temperaturavithin the magnetanay
exceed20K evenif cooledwith He-Il at1.9K. Clearlythistemperaturés too highfor corventional
magneidesignusingNbTi or evenNbzSnsuperconductor

Innovative magnetandcooling systemsdesignmay reducethe peaktemperaturef the dipole
to the point whereone could considerusingNbzSn superconductoat 1.9 K. However, the costof
operatingsuchmagnetanay be too large a penaltyfor the cryogenicplant. Alternatively, it may
be possibleto usemorerecentlydevelopedceramicsuperconductorsperatingaround20 K. The
higheroperatingemperaturevould reducetheequialentrefrigerationpower by roughlyafactorof
ten. To considetrthis option, furtherresearctwould be neededo determingheresistancef these
materialsto radiationdamage.
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8 Summary

With carefuldesignof IR layout,magnetsandprotectionsystemwe cankeepa peakpower density
€max belav the quencHimit:

e in 90-mm200-T/mNbsSnquadsat £ < 2.5x 104 with 30 W/m of dynamicheatloadat peak
(comparedo 10 W/m now) in LHC;

e in a14-T NbsSndipole-firstD1 at £ < 1x10% with total power dissipatedn the dipole of
about3.5kW, with a superconducteiess mid-planedesign.

A op x L scalinggivesa reasonablestimatefor supercollidedRs, althoughdetailsof spatial
distributions canbe obtainedvia realisticMonte Carlo. It turnsout thatthereis no strongdepen-
denceof peakpower densityemax 0N the coil aperturebecauseone needsto adjustthe gradient
appropriatelyRulesof thumbhereare:

e atfixedaperturethestrongeffield the highereax;

o atfixedfield, thelargeraperturghelowerpeake .k with heatloaddistributedmoreuniformly
alongthetriplet with moresecondarie§power) leakingtowardsits endandfurther(TAN and
outertriplet).

Dynamicheatloadis aseriougssue.All radiationissuesarevery seriousathigherluminosities.
Thedesignis belav thequencHhimit for NbsSn,butis afactorof 2 to 3 timeslargerthanfor current
NbTi quadrupoles.Accumulateddose,residualdoseratesand otherradiationvaluesinside and
outsidemagnetsscaleup with luminosity, linearly to thefirst approachWith the presentlesign at
L =10%, weareona7-yearlimit for materiallifetime andon or abose the CERNIimits for residual
radiation.Much moreMARS analysiss heedechereon configurationandmaterials.

Operationabhndaccidentabeamlossin theinnerandoutertripletsis a seriousissue with their
highermagneticfields. Theresultswe have for the currentdesignarealreadysomevhatscary We
have a sophisticatednonstrousmovable collimator in IP6 to handleunsynchronizedbeamabort,
but it seemghatto reliably protectlP5 innertriplet we would still needanothercollimator on the
non-IPsideof thecurrentD1. At SLHC everythingbecomesnoresevere.

TAS itself andshieldingaroundTAS-Q1needto bere-designedo suppressentimes(atleast)
higheralbeddfluxesto ATLAS andCMS-like detectorsNeutralbeamabsorbeTAN andits shield-
ing needto be re-designedo accommodataen times higher beampower and provide adequate
shieldingfor promptandresidualradiation.

Work needed:

e FurthercharacterizesariousIR designsin termsof radiationernvironment, with respectto
peakenepgy depositionfluence doseandcryo load.

e Definematerialpropertiesandacceptabla@esigncriteriafor givendose

e Sunwy fusion programresults: identify relevant information and identify areasfor focus
(NbzSnbehaior in LHC IR radiationfield).

e Developappropriatdests(materials magnetizationiestsin lieu of directJ., etc).
o |dentify existing rad hardmaterialsfor incorporationinto magnefrograms.

o FocusR&D onwhatis left.
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